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THE STORY OF INOSITOL. II. 


By RUTH WOODS 


Although a comparative newcomer to the vitamin family, the compound 
inositol has been known to chemists for nearly one hundred years. During 
that time scientific interest in inositol periodically waxed and waned as 
new facts concerning the chemistry and biology of the compound were 
brought to light by various workers. Not until the relation of inositol to 
animal nutrition and metabolism was pointed out, less than a decade ago,* 
however, was inositol regarded with sufficient interest by research workers 
to warrant a thorough investigation of its properties and biochemical be- 
havior. In the few years which have been devoted to the investigation of 
the metabolic and nutritional properties of inositol, considerable information 
has been obtained. It has been demonstrated that the compound possesses 
specific activities in certain animal species, particularly the mouse. These 
activities are involved in the general phenomena of hair and fur growth and 
of fat metabolism. 

The metabolism of inositol in the animal body, its biochemical role and 
possible functions in other animal species, including man, are current phases 
of inositol research. Although investigations of these aspects of the biological 
significance of inositol are largely in their preliminary stages, a sufficient 
number of valuable findings have already been reported to warrant a brief 
discussion of the progress in these newer phases of the study of inositol. 


Metabolism of Inositol: 


Since its discovery in 1850, inositol has been considered by chemists to 
be a substance intermediate between carbohydrates and aromatic compounds. 
That is because on the one hand it has the same empirical formula 
(CeHi20¢), sweet taste and solubility in water as sugar (it was, in fact, 
called ‘‘muscle sugar” by Scherer); on the other hand it is readily trans- 
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*cf. Borden’s Review of Nutrition Research, January 1948. “The Story of Inositol. I.” 
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formed by oxidation with nitric acid to a typical aromatic compound, tetra- 
hydroxyquinone. (See Fig. 1 on page 1.) 

As a result of extensive studies on the stereochemical structure and 
organic chemistry of the inositols by Fischer and Dangschat (summarized 
in Fischer's [1} Harvey Lecture) it was demonstrated that glucose could 
be cyclized to form inositol and that, conversely, cleavage of inositol at a 
specific point would result in a molecule having the configuration of 
d-glucose. (Fig. 2.) 


I. OH — 
































we — —e <, ~» 
a clization 
a cy 
d-glucose smnuame 
Il. on} oH H-C=0 
——————— H OH 
«se 
HO ——1——2 
meso-inositol . ” 
CH,OH 
Fig. 2 d-glucose 


Interconversion of Inositol and Glucose: The fact that inositol possesses 
a structure isomeric with the common hexoses, particularly glucose, stimu- 


lated many attempts to demonstrate its possible glucogenic nature in animals. 


One of the earliest of these was that of Kiilz (2) who administered inositol 
to diabetic dogs, but was unable to find evidence of an increase in the urin- 
ary excretion of inositol. A similar study by Greenwald and Weiss (3) 
some forty years later revealed a slight increase in the glucose-nitrogen ratio. 
A search for newly formed glycogen (the storage form of glucose) in the 
livers of previously fasted animals given inositol was another route of inves- 
tigation which yielded uniformly negative results (2, 4, 5). Attempts to 
demonstrate an increase in the respiratory quotient after inositol administra- 
tion likewise resulted in negative findings (6). While glucose, when perfused 
through surviving livers, is known to stimulate the formation of lactic acid, 
no such effect could be detected with inositol (7, 8, 9). On the other hand, 
increases in lactic acid have been observed in muscle and minced liver tissues 
coincident with the utilization of inositol by these tissues (10). In rabbits, 
subcutaneous administration of inositol was reported to be accompanied by 
excretion of lactic acid in the urine (11). 

During the course of his studies on the configuration of the meso- 
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inositol molecule, Fischer (1) postulated that one of the metabolic functions 
of inositol, aside from its vitamin-like activities, might be that of a reserve 
carbohydrate, storing away glucose in a form which can be readily mobilized. 
In support of this theory, he cited the work of Portmann (12) on the occur- 
rence of inositol in fish. Portmann noted that fish, particularly the shark, 
have comparatively large amounts of inositol in the muscles of their fins, 
but no glycogen (the storage form of glucose) or other reserve carbohy- 
drates in the liver. He concluded, therefore, that inositol is probably a reserve 
carbohydrate formed from glucose and stored in the fins, where it provides 
a quickly available source of glucose for the blood stream by the simple 
reopening of the inositol ring. Fischer has postulated that the cyclization 
of glucose could take place by enzymatic action on a phosphorylated form 
of glucose to yield inositol-phosphate. Although this theory has not yet 
been tested, glucose has been converted to inositol by purely chemical means 
(13).* Winter's (14) observation that heart muscle contains a relatively 
high amount of inositol may be a further possible indication that inositol 
functions as a reserve carbohydrate, providing quickly available energy for 
the heart. With the final elucidation of the stereochemical structure of meso- 
inositol by Fischer and Dangschat (1) demonstrating the possibility that 
cleavage between a specific pair of carbon atoms would give rise to a molecule 
of the configuration of d-glucose, new stimulus was given to the investigation 
of the glucogenic nature of inositol. 


About two years ago, Stetten and Stetten (15) decided to reinvestigate 
the problem using the more sensitive analytical techniques made possible 
through the use of isotopes.t These investigators pointed out that only if 
relatively massive amounts of a test substance (as, for example, inositol) 
are rapidly converted into glucose in the animal body will this conversion 
significantly influence the quantity of glucose excreted in the urine of a 
diabetic animal or the quantity of glycogen in the liver of a previously fasted 
animal. They suggested that if the test substance could be stably labeled by 
isotopic procedures, its conversion to glucose even in small amounts might 
be detected by the appearance of the isotope in the glucose excreted or in 
the glycogen stored in the liver. They succeeded in preparing such a labeled 
sample of inositol and administered it to rats excreting large amounts of 
glucose in the urine (resulting from treatment with phlorizin). Examina- 
tion for the presence of deuterium in the glucose isolated from the urine 
revealed that a small amount (7%) of deuterium-containing inositol had 
been converted to deuterium-containing glucose. 


ee 


*The method used involved activation of glucose by nitrification instead of by phosphorylation. 
tcf. Borden’s Review of Nutrition Research, October and November, 1945, “Isotopes in Nutri- 


tion Research, I; II.” 
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As a result of their investigations, Stetten and Stetten concluded that, 
at least under the conditions obtaining in the phlorizin-treated dog, inositol 
definitely serves as a precursor of glucose. Compared with other glucogenic 
substances, however, inositol is apparently not a very efficient precursor, as 
is indicated by the small quantity of glucose that was demonstrated to have 
arisen from the inositol administered. If, as they point out, after generous 
administration, only some 140 mg. of inositol are each day converted into 
glucose by the rat, it is scarcely surprising that its glucogenic nature should 
have escaped detection by earlier workers. An increment in urinary glucose 
of the order of magnitude indicated by the isotope experiments would, in 
the conventional type metabolic experiment, be scarcely significant. 

In very recent work, Weibelhaus et a/ (16) reported additional evidence 
that inositol is converted to carbohydrate in the body. They found a decrease 
in the urinary excretion of ketone bodies in fasting rats following adminis- 
tration of inositol, presumably indicating the availability of a fresh supply 
of carbohydrate to the body. 


Structural Specificity and Occurrence of Inositol: 


Of the many natural occurring isomers and analogs of inositol, only 
i-inositol or meso-inositol exhibits nutritional activity. Meso-inositol itself, 
in turn, occurs in nature in at least four forms: 








FORM DESCRIPTION OCCURRENCE 

1. Free inositol Meso-inositol Plants and animals. 

2. Phytin The calcium and mag- | Cereal grains, seeds, red blood 
medium salt of inositol] | cells of chickens and turtles. 
hexaphosphate. 

3. Lipositol A phosphatide complex | Phosphatides in plant and ani- 


containing inositol mono- | mal tissues, in tubercle bacil- 
phosphate linked to galac- | lus, soybeans, cephalin of 
tose and combined with | brain and spinal cord, etc. 

ethanolamine, tartaric acid, 
oleic acid and various satu- 


rated fatty acids. 


4. Combined inositol A water-soluble, non- | Liver, heart and most other 
dialyzable complex. animal tissues. 











Only free inositol (meso-inositol) can be utilized to an appreciable 
degree by the microbiological assay organism, the yeast, S. cerevisiae (17). 
Inositol monophosphate and a methyl inositol (mytilitol) obtained from 
mussels have slight growth stimulating activity for yeast. Phytin, lipositol, 
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d-and |-inositol and various derivatives of these compounds are inactive. 
In the mouse, inositol, phytin, lipositol and inositol hexacetate are active. 
In the rat, however, phytin seems to be inactive. 

Since the esters of inositol are generally active for the animal but not 
for yeast, it is important to convert these esters to the free compound before 
proceeding to measure the inositol content of foods by the yeast growth 
method (18) if a true evaluation of the foods is to be obtained. 

Most plant and animal tissues thus far examined contained between 
0.05 and 0.5 per cent of total inositol on a dry weight basis (18, 19). Beef 
heart is the richest natural source, 1.6 per cent of the dry weight of this organ 
being found as inositol. In the few tissues which have been analyzed (20) 
about one-half of the total inositol was free. The richest commercial source 
of inositol and phytin is corn steep liquor. 


TABLE I. Inositol Content of Various Materials 
and 
Recovery of Inositol Added to these Materials (18) 











. Recovery 
Material Inositol 
Content Inositol in Inositol Inositol 

material added found 

mcgm. per mg. mcgm. mcgm. mcgm. 
SITIO ~sssasceciiieieiileaiiicipbiaaiibiailiaaiasaaiiaas 0.50 2.8 2.0 4.8 
I ieee aaa 1.0 1.5 1.0 2.5 
OE CI crisecttmenmmnnninnn 2.1 2.1 2.0 4.0 
RN 3.4 nun ajn am 
aaa lca 16.0 8.0 2.0 10.5 
BIT GID eee ececsccsunsoneccsmmicsennnen 5.0 2.5 2.0 . 4.5 
TET ECE 0.50 0.5 2.0 2.5 





All analyses were based on the dry weight. The values recorded in the second column are 
averages of at least three determinations. 


Determinations of the recovery of known amounts of added inositol were made as a further 
check of the accuracy of the yeast growth method used as a means for estimating inositol. 


Requirements: Requirements for inositol are not known. Deficiency 
symptoms in mice have been cured by feeding 10 mg. of inositol per 100 
grams of food; in rats, by daily doses of 20 mg. Woolley (21) has estimated 
that the amount of total inositol in many natural diets is of the same order 
of magnitude as that which has been found to prevent signs of inositol 
deficiency in the various species examined. 


Inositol in Human Nutrition: 


As yet, only a few scattered reports exist concerning the possible signifi- 
cance of inositol in the human economy. Most of these indicate that the 
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role of inositol in man is concerned chiefly with various aspects of fat 
metabolism. Thus, for example, Abels and coworkers (22) found that 
inositol administered to patients with gastrointestinal cancer caused a reduc- 
tion in the fatty infiltration of the liver characteristic of this disease. These 
workers reported, in another study (23), a reduction to normal in the liver 
fat content of patients treated with lipocaic.* Lipocaic, however, is a crude 
mixture which contains significantly large amounts of choline and inositol, 
both of which exert lipotropic activity by themselves. Experimental evidence 
in both animals (25) and in human beings (24) indicated that the lipotropic 
activities of lipocaic are not due to its choline content alone. Furthermore, 
when about four times the amount of inositol present in the therapeutic 
dose of lipocaic was administered to a small group of patients with gastro- 
intestinal cancer, the concentrations of fat in their livers — with but one 
exception—were found to be within normal limits. 


TABLE Ii. 


Average Concentration of Fat in the Livers of Patients with 
Gastrointestinal Carcinoma Who Were Fasted and of 
Those Given Various Dietary Supplements Preoperatively (22) 





Average concentration 9% reduction of 





. : f hepatic fa hepatic lipi 
Ne. of Patients yr eens oon “4 oe 
wet tissue supplement 
8 None 16.4 — 
11 8 g. lipocaic 8.0 51 
7 3 g. choline 11.2 | 39 
chloride 
8 1200 mg. inositol 6.9 58 
10 ; 280 mg. inositol 8.2 50 





Because these facts made it seem probable that the inositol alone might 
account for the physiological effects of the lipocaic, another group of ten 
patients with carcinoma of the gastrointestinal tract was given during the 
last ten hours prior to operation, only that amount of inositol (280 mg.) 
contained in the effective dose of lipocaic. The results obtained from the 
ingestion of the smaller amounts of inositol indicate that, in the patients 
studied, the lipotropic properties of the lipocaic could be accounted for by 
its content of inositol alone. (Tables II and III). 

The skin disorder, psoriasis, currently believed to be closely related to a 
derangement of fat metabolism, has been reported to respond favorably in 
several instances to dietary supplementation with lipotropic substances (26). 





*cf, Borden's Review of Nutrition Research, November 1947, “The Nutritional Role of 
Lipotropic Factors.” 
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TABLE III. Concentration of Fat in Livers of Patients with 
Gastrointestinal Cancer Who Received Preoperatively 
280 mg. of Inositol (22) 





Concentration of 





Patient Disorder hepatic fat, g. per 100 g. 

wet tissue 
1 Carcinoma of esophagus 7.2 
2 Carcinoma of stomach 8.7 
3 Carcinoma of colon 7.1 
4 Carcinoma of stomach 10.3 
5 Carcinoma of colon : 7.8 
6 Carcinoma of stomach 5.7 
7 Carcinoma of stomach 5.0 
8 Carcinoma of stomach 15.9 
9 Carcinoma of stomach 5.9 
10 Carcinoma of stomach 8.9 
Average 8.25 





Most effective of these have been soybean lecithin and defatted wheat germ. 
Both of these materials contain inositol—the soybean about 5 to 10 per cent 
of crude inositol, the wheat germ about 0.25 per cent. It is not entirely 
certain, however, that the beneficial effect is due solely to inositol. The soy- 
bean lecithin, for example, is also a good source of choline (about 3 per 
cent). The defatted wheat germ, on the other hand, is poor in choline, but 
provides a well balanced source of the B complex and of certain essential 
minerals which factors may also contribute to its therapeutic value in the 
treatment of psoriasis. Gross and Kesten (26) point out that the favorable 
response of psoriasis to lipotropic substances, such as inositol, reflects not 
a nutritional deficiency but rather an increased requirement for certain food- 
stuffs essential for the synthesis of enzymes engaged in lipid metabolism. 


A further possible role of inositol is its suggested relation to cholesterol 
metabolism in the body (27). In view of the animal experiments on the 
effects of inositol in removing cholesterol deposits, the intriguing possibility 
of the use of this compound in human arteriosclerosis presents itself for 
experimental consideration. 

Clinical and experimental studies of Milhorat and Bartels (28) on the 
effectiveness of vitamin E in treating the disease, progressive muscular dys- 
trophy,* indicate a possible close interrelation between this vitamin and 
inositol in bringing about a positive response. These investigators postu- 
lated that in order for vitamin E to be effective in restoring muscular func- 
tion and in reducing the abnormal urinary excretion of creatine which is 





*cf,. Borden’s Review of Nutrition Research, Jone 1945, “Experimental Vitamin E Deficiency” 
and September 1945, “Vitamin E in Veterinary and Clinical Medicine.” 
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characteristic of the disease, it must form an activated complex in the gastro- 
intestinal tract. Theoretical evidence indicated that the substance with 
which vitamin E forms an active condensation product should possess certain 
basic physical and chemical characteristics and should, moreover, be avail- 
able in the natural source of vitamin E—for example, wheat germ. All of 
the postulated characteristics were found to be satisfied by inositol. Accord- 
ingly, a vitamin E-inositol complex was prepared and administered to a 
small group of patients. The complex was found to be effective where vita- 
min E or inositol alone were not. 


The authors concluded that vitamin E forms a condensation product 
with inositol in the gastrointestinal tract and that the inherited defect in 
muscular dystrophy is a deficiency in this reaction of condensation. The 
degree of the deficiency was thought to determine the rapidity with which 
the disease progresses. Patients in whom the disease is mild apparently 
synthesize sufficient amounts of the condensation product when large 
amounts of both tocopherol and inositol are given together, but those in 
whom the disease is more rapidly progressive probably require, according 
to the authors, administration of the vitamin E-inositol condensation prod- 
uct itself. Further work on this problem involving long-term studies on a 
larger group of patients was indicated by these investigators, but to date, 
such data have not appeared. 


Requirements: Although the need for inositol in human nutrition has 
not been established, Williams (29) has estimated a probable daily require- 
ment for man to be one gram a day or more on a 2500-calorie basis. Harris 
and Kodicek (30) have made the suggestion that inositol may be a secondary 
accessory in nutrition in that it may not be needed directly by animals, but 
may serve to stimulate the synthesis by intestinal microorganisms of other 
necessary vitamins. 


Biochemical Role of Inositol: 


From the evidence at hand to date, several suggestions may be made 
concerning the possible biochemical role of inositol in the animal organism, 
although the data are still quite insufficient to point conclusively to any 
positive mechanisms of its action. 

The occurrence of inositol as an integral part of a phosphatide and the 
role of inositol in the prevention of fatty livers, as Woolley (21) points 
out, brings to mind the occurrence of choline in a phosphatide and its 
vitamin-like action in the prevention of fatty livers. Woolley speculates 
further that the formation of lipositol may be one of the uses to which 
dietary inositol is put by the animal. 
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Summarizing existing knowledge it may be said that inositol possesses 
certain vitamin-like activities and that it also serves, to a limited extent, as 
a source of reserve carbohydrate for muscle activity. It is a factor in regulat- 
ing certain phases of fat metabolism, and is thought to have a stimulating 
effect on gastrointestinal motility. As a vitamin, inositol occupies a position 
midway between the anti-alopecia factors (pyridoxine, pantothenic acid and 
p-aminobenzoic acid) and the lipotropic factors (choline, methionine, etc.) 
having functions in common with both groups. 
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NEWS DIGEST 


DIET AND HYPERTENSION — 
New clinical studies add confirmatory evi- 
dence concerning the value of the special 
diet announced some years ago to be efh- 
cacious in reducing high blood pressure. 
The diet consists exclusively of rice, fruit, 
sugar, vitamins and iron. It is restricted 
to 2000 calories per day and is almost salt 
free. In studies recently reported the rice 
diet was found to be effective in controll- 
ing blood pressure in 20 out of 32 cases 
of hypertension in ambulatory, non-hos- 
pitalized patients. Response was obtained 
regardless of whether the disease was that 
known as “essential hypertension” or 
whether it was hypertension of the type 
resulting from kidney dysfunction. The 
rice diet was found to be of benefit in the 
relief of chronic uremia (retention in 
blood of urinary toxins) and of marked 
edema (swelling due to water retention) 
where other treatment had failed even 
though in some cases the blood pressure 
remained high. Benefits of the diet are 
shown promptly within a maximum period 
of six weeks. Of 14 patients later per- 
mitted to modify the diet by the addition 
of meats, vegetables and even a small 
amount of salt, ten maintained the im- 
provement noted on the strict diet alone. 
The authors point out several disadvan- 
tages to the regime, the most significant 
of which is the fact that the diet is not 
easy for patients to follow. Many failures 
result from poor cooperation. The harm- 
ful effects of the diet are primarily those 
of starvation in individuals who for vari- 
ous reasons do not take their full caloric 
requirements. In such cases it is necessary 
to discontinue the routine.—S. Med. ]. 40, 
721 (1947). 


IRON METABOLISM — Experi- 
mental studies carried out under condi- 
tions of artificial gastric digestion reveal 





ence of various foods in the diet on the 
reduction of dietary iron from the ferric 
to the ferrous form. It was found that 
fresh fruits and vegetables reduced iron 
as much as 77 to 98 per cent. This effect 
was attributed largely to the ascorbic acid 
content of these foods. Egg white, meat 
and bread reduced iron to the extent of 
25 to 40 per cent. Egg yolk and milk pro- 
duced only slight reduction. These experi- 
ments are of particular interest in view of 
recent metabolism studies which indicate 
that dietary iron has to be in the reduced 
or ferrous state for maximal absorption 
and utilization.—Science 107, 56 (1948). 


DIET AND CARIES — One of the 
recent aspects of the dietary approach to 
the problem of dental caries has been con- 
cerned with the ible removal of cal- 
cium and phosphorus from teeth by mouth 
washes, fruit juices and other fluids. The 
use of radioactive phosphorus as a tracer 
has permitted the elucidation of some of 
the questions in this field. Investi- 
gators found that injection of radioactive 
phosphorus into a rat resulted in the ap- 

ce of the radioactive material in the 
teeth of the animal. By measuring the loss 
of radioactive phosphorus from the teeth 
of the rat it is thus possible to determine 
the influence of various test substances on 
the removal of phosphorus. As a result it 
was found that the acidity or alkalinity of 
a mouth wash or of fruit juice has little 
effect upon phosphorus depletion of the 
teeth. Distilled water was found to remove 
much more phosphorus than did ordinary 
tap water or the usual mouth washes. 
Lemon juice was found to be the most 
active of all the substances tested in re- 
moving phosphorus from the teeth. -- 
Science 107, 57 (1948). 


ANTI-FOLIC ACID — Research in- 
vestigations have yielded, to date, two 
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compounds capable of antagonizing the 
action of pteroylglutamic acid, popularly 
known as “folic acid.”” One of these, 7- 
methylfolic acid, has already been de- 
scribed in a previous issue of this Review.* 
The other compound, discovered about 
the same time by another group of inves- 
tigators, has not yet been chemically iden- 
tified. It is made by condensing 2, 4, 5- 
triamino-6-hydroxypyrimidine and p-ami- 
nobenzoyl-/(-+-)-glutamic acid (instead 
of d(—)-glutamic acid used in synthesis 
of 7-methylfolic acid) with 2, 3-dibromo- 
butyraldehyde. This compound was found 
to antagonize reversibly the effect of folic 
acid on the test micro-organisms, strepto- 
coccus faecalis R and Lactobacillus casei 
and on rats, mice and chicks. The dis- 
turbance produced in rats by this an- 
tagonist appeared similar to, but more 
acute, than that described for pteroylglu- 
tamic acid deficiency as produced by feed- 
ing a purified diet pilus succinylsulfathia- 
zole. The disturbance was accompanied by 
mouth lesions characteristic of the disease 
in monkeys, but heretofore not encoun- 
tered in rats. Reversal of the disturbance 
by folic acid was accompanied by tem- 
porary over-compensatory increases in total 
white blood cell and granulocyte counts, 
and by enlargement of the spleen. It has 
been suggested that a possible clinical use 
for the folic acid antagonist might be its 
use in certain blood diseases marked by 
abnormally increased amounts of red or 





*cf. Borden's Review of Nutrition Research, December 1947, News Digest section. 




















white blood cells.—]. Biol. Chem. 169, 
427 (1947); Proc. Soc. Exp. Biol. Med. 
65, 368 (1947). 


NUTRITION AND RINGWORM 
INFECTION — Studies conducted on 
school children during the past two years 
have revealed a close correlation between 
nutritional status and incidence of ring- 
worm infection of the scalp. Examination 
of infected children indicated that many 
possessed concommitant symptoms such 
as puffiness of the eyes, defects of the 
fingernails and general malnutrition. The 
epidemic incidence of ringworm infection 
seemed to run parallel with rationing and 
shortages of food during the war, thereby 
indicating a possible link between the 
disease and malnutrition. Dietary studies 
on the affected children revealed marked 
protein, vitamin and caloric deficiencies. 
Replacement of local medicinal treat- 
ment of the scalp with nutrition therapy 
(protein hydrolysates, vitamins, iodide 
and liver-stomach concentrate) brought 
marked improvement within a relatively 
brief period (10 days or a few weeks), 
compared to persistence of the infection 
for as long as two years with local treat- 
ment. Most rapid and efficacious results 
were obtained with the protein hydroly- 
sates. The authors conclude therefore that 
a direct, positive relation exists between 
nutritional status and susceptibility and 
rate of healing in ringworm infection. — 
N. Y. State ]. Med. 47, 1786 (1947). 





